Background Background Month of birth as a
Month of birth as a suicide risk factor has not been adequately suicide risk factor has not been adequately explored.The findings of published studies explored.The findings of published studies are contradictory and inconclusive. are contradictory and inconclusive.
Aims Aims To examine the association
To examine the association between suicide and month of birth using between suicide and month of birth using suicide data for a 22-year period in suicide data for a 22-year period in England and Wales.The sample size of England and Wales.The sample size of 26 915 suicides greatly exceeds all previous 26 915 suicides greatly exceeds all previous studies. studies.
Method Method We analysed all suicides
We analysed all suicides (ICD^9 codes E950^959) and deaths (ICD^9 codes E950^959) and deaths from undetermined injury (E980^989) from undetermined injury (E980^989) reported between1979 and 2001in reported between1979 and 2001in England and Wales for persons born England and Wales for persons born between1955 and1966, using Poisson and between1955 and1966, using Poisson and negative binomial generalised linear negative binomial generalised linear models with seasonal components. models with seasonal components.
Results

Results Birth rates of people who later
Birth rates of people who later kill themselves show disproportionate kill themselves show disproportionate excess for April,May and June compared excess for April,May and June compared with the other months.Overall, we found with the other months.Overall, we found an increase of17% in the risk of suicide for an increase of17% in the risk of suicide for people born in the peak month (springpeople born in the peak month (springê arly summer) compared with those born early summer) compared with those born in the trough month (autumn^early in the trough month (autumn^early winter); this risk increase was larger for winter); this risk increase was larger for women (29.6%) than for men (13.7%). women (29.6%) than for men (13.7%).
Conclusions Conclusions The'month of birth'factor
The'month of birth'factor in suicide can be interpretedinterms ofthe in suicide can be interpretedinterms ofthe foetal origins hypothesis.Our findings foetal origins hypothesis.Our findings might have implications for our might have implications for our understanding of the multifaceted understanding of the multifaceted aetiology of suicide and may eventually aetiology of suicide and may eventually offer new strategies for research and offer new strategies for research and prevention. prevention.
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Differential risk effects of season of birth Differential risk effects of season of birth have been reported for several diseases, have been reported for several diseases, raising the possibility that early environraising the possibility that early environmental exposure mental exposure in utero in utero and during and during infancy may influence the risk in adultinfancy may influence the risk in adulthood. Seasonal trends of birth have been hood. Seasonal trends of birth have been established for acute lymphoblastic established for acute lymphoblastic leukaemia in children (Sorensen leukaemia in children (Sorensen et al et al, , 2001 2001a a), early-onset non-Hodgkin's lym-), early-onset non-Hodgkin's lymphoma (Langagergaard phoma (Langagergaard et al et al, 2003 (Langagergaard et al et al, ), breast , 2003 , breast cancer (Kristoffersen & Hartveit, 2000) , cancer (Kristoffersen & Hartveit, 2000) , testicular cancer (Prener & Carstensen, testicular cancer (Prener & Carstensen, 1990 ), Crohn's disease (Sorensen 1990 ), Crohn's disease (Sorensen et al et al, , 2001 2001b b), coronary heart disease (Lawlor ), coronary heart disease (Lawlor et et al al, 2004 ) and brain tumours (Brenner , 2004 ) and brain tumours (Brenner et et al al, 2004) . In their reviews, Castrogiovanni , 2004) . In their reviews, Castrogiovanni et al et al (1998) and Torrey (1998) and Torrey et al et al (2000) found (2000) found that more patients with schizophrenia, that more patients with schizophrenia, Alzheimer's disease, epilepsy and narcoAlzheimer's disease, epilepsy and narcolepsy are born in December and January, lepsy are born in December and January, whereas affective disorders, alcohol depenwhereas affective disorders, alcohol dependence, autism, dyslexia, and multiple dence, autism, dyslexia, and multiple sclerosis are reported more frequently in sclerosis are reported more frequently in those born during spring and summer those born during spring and summer months. Month of birth has also been months. Month of birth has also been linked to human longevity (Doblhammer linked to human longevity (Doblhammer & Vaupel, 2001) . However, few studies & Vaupel, 2001) . However, few studies have investigated the effect of month of have investigated the effect of month of birth on suicide rates. Huntington (1938) birth on suicide rates. Huntington (1938) reported that the distribution of birth reported that the distribution of birth month for those who died by suicide was month for those who died by suicide was different from those who did not. Pokorny different from those who did not. Pokorny (1960) found an overrepresentation of (1960) found an overrepresentation of suicide cases in which the person was born suicide cases in which the person was born in the month of July. Kettl in the month of July. Kettl et al et al (1997) (1997) reported variations in season of birth for reported variations in season of birth for suicide among Alaskan natives, with more suicide among Alaskan natives, with more suicide deaths in those born in the summer. suicide deaths in those born in the summer. Chotai & Asberg (1999) reported that Chotai & Asberg (1999) reported that people born in winter in Sweden were sigpeople born in winter in Sweden were significantly more likely than those with other nificantly more likely than those with other birth seasons to have used hanging as a birth seasons to have used hanging as a suicide method. Using 12-year suicide data suicide method. Using 12-year suicide data from Cheshire, UK, an increased risk of from Cheshire, UK, an increased risk of violent suicide, particularly hanging, violent suicide, particularly hanging, among people born in the summer was among people born in the summer was found by Salib (2002) , quite the opposite found by Salib (2002) , quite the opposite of the Swedish study. However, the above of the Swedish study. However, the above studies share some major methodological studies share some major methodological limitations, including small sample size, lack limitations, including small sample size, lack of controls and the use of inappropriate of controls and the use of inappropriate statistical methods. statistical methods.
This study examines the association This study examines the association between suicide and season of birth between suicide and season of birth using routinely collected suicide data using routinely collected suicide data over a 22-year period in England and over a 22-year period in England and Wales. The size of the database used in Wales. The size of the database used in this study provides a powerful opportunity this study provides a powerful opportunity to assess this issue, with nearly 27 000 to assess this issue, with nearly 27 000 suicides from over 11 million births, and suicides from over 11 million births, and greatly exceeds the size of all previous greatly exceeds the size of all previous studies. studies.
Our hypotheses were that the risk of Our hypotheses were that the risk of suicide would vary according to month of suicide would vary according to month of birth and that this association would rebirth and that this association would remain after adjusting for the effects of the main after adjusting for the effects of the total number of births per month in the total number of births per month in the population. We also predicted that this difpopulation. We also predicted that this differential in risk of suicide by month of birth ferential in risk of suicide by month of birth would be present when looking at suicides would be present when looking at suicides by gender and method of suicide (violent by gender and method of suicide (violent and non-violent) . and non-violent).
METHOD METHOD
Our study was an observational one using Our study was an observational one using routinely collected data. The term 'suicide' used in this study The term 'suicide' used in this study includes all cases of suicide (ICD-9 codes includes all cases of suicide (ICD-9 codes E950-959) and undetermined injury deaths E950-959) and undetermined injury deaths (ICD-9 codes E980-989) combined in (ICD-9 codes E980-989) combined in order to reduce misclassification biases. order to reduce misclassification biases. 
Sample selection Sample selection
Data analysis Data analysis
The total number of suicides of people born The total number of suicides of people born in the period 1955-1966 was aggregated in the period 1955-1966 was aggregated according to month of birth into monthly according to month of birth into monthly counts. Monthly frequencies of births and counts. Monthly frequencies of births and suicides were adjusted to 31-day months. suicides were adjusted to 31-day months. The number of births of the suicide group The number of births of the suicide group in each month was divided by the number in each month was divided by the number of total births in England and Wales for of total births in England and Wales for the same period to obtain birth rates for the same period to obtain birth rates for the suicide group. For reasons of confidenthe suicide group. For reasons of confidentiality the database only included infortiality the database only included information on gender, method, months and mation on gender, method, months and years of birth and death, thus we calculated years of birth and death, thus we calculated the age at death as completed months. the age at death as completed months.
In the analyses, 'violent' methods of suiIn the analyses, 'violent' methods of suicide included hanging, drowning, falling cide included hanging, drowning, falling from height, shooting, burning, asphyxia from height, shooting, burning, asphyxia and wounding; poison by solids or liquids and wounding; poison by solids or liquids and poison by gas were regarded as 'nonand poison by gas were regarded as 'nonviolent' methods. violent' methods.
Statistical method Statistical method
Previous studies have used chi-squared tests Previous studies have used chi-squared tests to analyse seasonality data. However, since to analyse seasonality data. However, since these tests cannot detect complex cyclical these tests cannot detect complex cyclical trends efficiently (Edwards, 1961; trends efficiently (Edwards, 1961; Bradbury & Miller, 1985; Yip Bradbury & Miller, 1985; Yip et al et al, , 2000) , and suicide is a rare event among 2000), and suicide is a rare event among the general population, we fitted generalthe general population, we fitted generalised linear models (GLMs) with Poisson ised linear models (GLMs) with Poisson and negative binomial responses and logaand negative binomial responses and logarithmic links. Overdispersion was formally rithmic links. Overdispersion was formally assessed using a likelihood ratio test comassessed using a likelihood ratio test comparing Poisson and negative binomial paring Poisson and negative binomial models, taking into consideration the promodels, taking into consideration the problems of testing at boundary values blems of testing at boundary values (Cameron & Trivedi, 1998) . Trends by (Cameron & Trivedi, 1998) . Trends by year of birth were adjusted using cubic year of birth were adjusted using cubic splines with three effective degrees of freesplines with three effective degrees of freedom; this functional form was deemed dom; this functional form was deemed complex enough to model these trends by complex enough to model these trends by minimising Akaike's information criterion minimising Akaike's information criterion (AIC). Seasonal variation was modelled (AIC). Seasonal variation was modelled using at most three harmonic components using at most three harmonic components in order to have enough flexibility to detect in order to have enough flexibility to detect asymmetrical seasonal variations which asymmetrical seasonal variations which would be lost if only one symmetrical 12-would be lost if only one symmetrical 12-month cycle had been fitted. The seasonal month cycle had been fitted. The seasonal components used had 12-month, 6-month components used had 12-month, 6-month and 4-month periods: the first accounts and 4-month periods: the first accounts for symmetrical yearly cycles, and the last for symmetrical yearly cycles, and the last two were included in order to allow the two were included in order to allow the detection of asymmetrical yearly patterns. detection of asymmetrical yearly patterns. The models considered also included interThe models considered also included interaction terms between year of birth, gender action terms between year of birth, gender and method of suicide with the seasonal and method of suicide with the seasonal components in order to allow for possible components in order to allow for possible differences in their shape. The final models differences in their shape. The final models presented were selected by minimising presented were selected by minimising AIC and, as in all stepwise-type model AIC and, as in all stepwise-type model selection procedures, correlation among selection procedures, correlation among the parameter estimates may produce misthe parameter estimates may produce misleading results -for instance, entered varileading results -for instance, entered variables can be proxies for others. The final ables can be proxies for others. The final models have a large number of parameters, models have a large number of parameters, and some of the effects that appear to be and some of the effects that appear to be significant when comparing the parameter significant when comparing the parameter estimates to their standard errors may be estimates to their standard errors may be spurious. The analyses of deviance tables spurious. The analyses of deviance tables for each of the final models are shown in for each of the final models are shown in the Appendices presented as a data supplethe Appendices presented as a data supplement to the online version of this paper. All ment to the online version of this paper. All calculations were carried out using R vercalculations were carried out using R ver- Table 1 and 5812 (21.6%) were women. Table 1 shows the number of suicides between shows the number of suicides between 1979 and 2001 by year of birth and the 1979 and 2001 by year of birth and the mean age at death by gender. It includes mean age at death by gender. It includes 29 cases with no month of birth available, 29 cases with no month of birth available, for which age at death was calculated as for which age at death was calculated as number of completed years; these cases number of completed years; these cases were excluded from the analysis of seasonal were excluded from the analysis of seasonal patterns. After adjusting for seasonal patterns. After adjusting for seasonal trends, there was no significant difference trends, there was no significant difference in the age distribution by gender. in the age distribution by gender. Figure 1 shows the monthly suicide Figure 1 shows the monthly suicide rates for people aged over 16 years born berates for people aged over 16 years born be- Figure 2 shows the adjusted monthly number of births for the adjusted monthly number of births for people who did not die by suicide who were people who did not die by suicide who were born between 1955 and 1966: this is the born between 1955 and 1966: this is the control population. There is a steady incontrol population. There is a steady increase in the number of births up to 1962, crease in the number of births up to 1962, followed by a period of slower growth. followed by a period of slower growth. The beginning of the series exhibits the The beginning of the series exhibits the so-called European seasonal pattern so-called European seasonal pattern (Parkes, 1976) in the distribution of (Parkes, 1976) in the distribution of monthly number of births, with a large monthly number of births, with a large majority occurring in the spring with a majority occurring in the spring with a subsidiary peak in September; the latter subsidiary peak in September; the latter part of the series shows the start of the shift part of the series shows the start of the shift to the American pattern, with a proto the American pattern, with a pronounced peak in September. The transition nounced peak in September. The transition to this seasonal pattern was complete in to this seasonal pattern was complete in England and Wales by the late 1970s. The England and Wales by the late 1970s. The two series are not stationary and have distwo series are not stationary and have distinct, albeit different, seasonal patterns tinct, albeit different, seasonal patterns with annual peaks and troughs in the with annual peaks and troughs in the monthly birth rates. monthly birth rates.
RESULTS RESULTS
Analysis of all suicides Analysis of all suicides
Mean age at suicide was 30.3 years; there Mean age at suicide was 30.3 years; there was no significant difference in the age was no significant difference in the age distributions by gender. Generalised linear distributions by gender. Generalised linear models for negative binomial responses models for negative binomial responses with a logarithmic link function were fitted with a logarithmic link function were fitted since there was significant ( since there was significant (P P5 50.001) over-0.001) overdispersion in the Poisson models. A fordispersion in the Poisson models. A forward stepwise approach was followed ward stepwise approach was followed adding seasonal components with 12-adding seasonal components with 12-month, 6-month and 4-month periods, as month, 6-month and 4-month periods, as well as interactions among them, the secuwell as interactions among them, the secular trend, and the factor indicating whether lar trend, and the factor indicating whether or not the person had died by suicide. The or not the person had died by suicide. The final negative binomial model for all suifinal negative binomial model for all suicides (see Appendix 1 in the data supplecides (see Appendix 1 in the data supplement to the online version of this paper) ment to the online version of this paper) has 14 parameters and models the numbers has 14 parameters and models the numbers of births resulting in suicide and nonof births resulting in suicide and nonsuicide. Its most significant terms were the suicide. Its most significant terms were the difference in frequencies between suicide difference in frequencies between suicide 4 17 4 17 and non-suicide cases, the trend of year of and non-suicide cases, the trend of year of birth, the 12-month and 6-month harmonic birth, the 12-month and 6-month harmonic terms ( terms (P P5 50.00001) and the 4-month har-0.00001) and the 4-month harmonic terms ( monic terms (P P5 50.003). The interaction 0.003). The interaction terms corresponding to the difference beterms corresponding to the difference between suicide and non-suicide cases and tween suicide and non-suicide cases and the 12-month and 6-month seasonal comthe 12-month and 6-month seasonal components were also significant ( ponents were also significant (P P¼0.013, 0.013, 0.037). The last two terms account for the 0.037). The last two terms account for the different shapes in the (symmetrical and different shapes in the (symmetrical and asymmetrical) seasonal patterns correasymmetrical) seasonal patterns corresponding to suicide (peak in early summer) sponding to suicide (peak in early summer) and non-suicide (peak in spring) freand non-suicide (peak in spring) frequencies. The trend by year of birth was quencies. The trend by year of birth was significantly different in the suicide and significantly different in the suicide and non-suicide groups, as indicated by the non-suicide groups, as indicated by the interaction terms ( interaction terms (P P5 50.00001), and the 0.00001), and the seasonal component with period 12-month seasonal component with period 12-month changed significantly with year of birth changed significantly with year of birth ( (P P5 50.0001), reflecting the start of the 0.0001), reflecting the start of the change to the American pattern in the change to the American pattern in the monthly numbers of births. Figure 3(a) monthly numbers of births. Figure 3(a) shows the detrended monthly seasonal shows the detrended monthly seasonal components for suicide and non-suicide components for suicide and non-suicide cases as a fraction of their means. The sigcases as a fraction of their means. The significant excess of suicides in early summer nificant excess of suicides in early summer births and the deficit in autumn are evident. births and the deficit in autumn are evident. Figure 3(b) shows the detrended monthly Figure 3(b) shows the detrended monthly seasonal components as a fraction of their seasonal components as a fraction of their mean for suicides with upper and lower mean for suicides with upper and lower bounds of 95% confidence intervals. Adbounds of 95% confidence intervals. Adjusting for the year of birth, the model justing for the year of birth, the model predicts that the average increase in risk predicts that the average increase in risk of suicide between the trough (October) of suicide between the trough (October) and the peak (May) of the seasonal compoand the peak (May) of the seasonal component is 17.9% (95% CI 13.0-21.8). nent is 17.9% (95% CI 13.0-21.8).
Analysis by gender Analysis by gender
Since overdispersion was significant in the Since overdispersion was significant in the Poisson regressions, we fitted negative Poisson regressions, we fitted negative binomial GLMs. The final model was binomial GLMs. The final model was obtained using the same model selection obtained using the same model selection strategy as above and included 33 parastrategy as above and included 33 parameters (see Appendix 2 in the data supplemeters (see Appendix 2 in the data supplement to the online version of this paper). ment to the online version of this paper). The term corresponding to the difference The term corresponding to the difference between suicide and non-suicide frequencies between suicide and non-suicide frequencies had the following significant interactions: had the following significant interactions: The strongest main effects were those of The strongest main effects were those of the suicide and non-suicide contrast, genthe suicide and non-suicide contrast, gender, year of birth trend, and the 12-month der, year of birth trend, and the 12-month and 6-month seasonal components and 6-month seasonal components ( (P P5 50.001 in all cases). These interactions 0.001 in all cases). These interactions establish the different patterns by gender establish the different patterns by gender in the asymmetrical cycles determined by in the asymmetrical cycles determined by month of birth for the suicide cases once month of birth for the suicide cases once the effect of year of birth is adjusted for. the effect of year of birth is adjusted for. Figure 4 shows the detrended seasonal com- Figure 4 shows the detrended seasonal components by gender for male and female ponents by gender for male and female suicide and non-suicide cases as a fraction suicide and non-suicide cases as a fraction of their means. This model supports the hyof their means. This model supports the hypothesis of different seasonal phenomena pothesis of different seasonal phenomena by month of birth for both men and women by month of birth for both men and women who die by suicide. Monthly births of men who die by suicide. Monthly births of men who died by suicide showed a roughly who died by suicide showed a roughly symmetrical pattern, with one trough in symmetrical pattern, with one trough in autumn and one peak in late spring; for autumn and one peak in late spring; for women who died by suicide the seasonal women who died by suicide the seasonal pattern was definitely asymmetrical, with pattern was definitely asymmetrical, with troughs in late winter and early autumn, troughs in late winter and early autumn, and a main peak in midsummer taking and a main peak in midsummer taking place slightly later than the peak for men, place slightly later than the peak for men, and a secondary, significant peak in early and a secondary, significant peak in early winter. The average increase of risk bewinter. The average increase of risk between the autumn trough and the summer tween the autumn trough and the summer peak of the detrended seasonal components peak of the detrended seasonal components was 29.6% (95% CI 8.0-50.7) for women was 29.6% (95% CI 8.0-50.7) for women and 13.7% (95% CI 5.2-22.2) for men, and 13.7% (95% CI 5.2-22.2) for men, thus reflecting both the larger number of thus reflecting both the larger number of men dying by suicide and the stronger effect men dying by suicide and the stronger effect of seasonal variation of month of birth on of seasonal variation of month of birth on women completing suicide. The higher women completing suicide. The higher birth rates in the spring and early summer birth rates in the spring and early summer for people who die by suicide suggest that for people who die by suicide suggest that some weather variables may be important, some weather variables may be important, and there appears to be a positive deviation and there appears to be a positive deviation 4 1 8 4 1 8 from the detrended monthly births of the from the detrended monthly births of the suicide group coinciding with the annual suicide group coinciding with the annual increase in temperature and sunshine hours increase in temperature and sunshine hours during the same months. This was not eviduring the same months. This was not evident in those who were born during the dent in those who were born during the same period but did not die by suicide. same period but did not die by suicide.
Analysis by method of suicide Analysis by method of suicide and gender and gender Table 2 shows the frequencies of suicides Table 2 shows the frequencies of suicides categorised by method of suicide, gender categorised by method of suicide, gender and month of birth; it excludes 29 cases and month of birth; it excludes 29 cases for which month of birth was not known. for which month of birth was not known. Men's suicides involved violent methods Men's suicides involved violent methods significantly more frequently than women's significantly more frequently than women's (52.4% (52.4% v. v. 38%, 38%, P P5 50.001). There was no 0.001). There was no significant difference in the mean ages at significant difference in the mean ages at suicide by gender. Since overdispersion suicide by gender. Since overdispersion was not significant, we fitted Poisson was not significant, we fitted Poisson GLMs to explain the variation of suicide GLMs to explain the variation of suicide counts by month of birth (using the same counts by month of birth (using the same seasonal components and model selection seasonal components and model selection strategy as in the previous sections), gender, strategy as in the previous sections), gender, method of suicide (violent and non-violent) method of suicide (violent and non-violent) and their interactions. In this analysis we and their interactions. In this analysis we considered only the 26 886 suicides with considered only the 26 886 suicides with known month of birth. The optimal model known month of birth. The optimal model has 17 parameters (see Appendix 3 in the has 17 parameters (see Appendix 3 in the data supplement to the online version of data supplement to the online version of this paper) and its predicted detrended this paper) and its predicted detrended values are shown in Fig. 5 . It includes values are shown in Fig. 5 . It includes significant terms for an overall 12-month significant terms for an overall 12-month cycle of month of birth ( cycle of month of birth (P P5 50.0001) and 0.0001) and significant terms for differences by gender significant terms for differences by gender and method and their interaction and method and their interaction ( (P P5 50.0001 in all cases). There is also a sig-0.0001 in all cases). There is also a significant interaction term between gender nificant interaction term between gender and a 4-month cycle by month of birth and a 4-month cycle by month of birth ( (P P¼0.011), which establishes the differ-0.011), which establishes the differences in the shape of the seasonal compoences in the shape of the seasonal components in cases of female suicide in a way nents in cases of female suicide in a way similar to the one described in Fig. 4 , and similar to the one described in Fig. 4 , and a 3-way interaction among gender, method a 3-way interaction among gender, method and a 6-month seasonal term ( and a 6-month seasonal term (P P¼0.028), 0.028), corresponding to significant differences in corresponding to significant differences in the seasonal patterns of month of birth by the seasonal patterns of month of birth by method in suicides by women. For suicides method in suicides by women. For suicides by men, the monthly birth rate peaks were by men, the monthly birth rate peaks were in spring for violent methods and in sumin spring for violent methods and in summer for non-violent methods; the troughs mer for non-violent methods; the troughs for both methods occurred in autumn. For for both methods occurred in autumn. For suicides by women, the peaks were in late suicides by women, the peaks were in late spring and the troughs were in autumn for spring and the troughs were in autumn for both methods. both methods.
DISCUSSION DISCUSSION
Limitations of the study Limitations of the study
One of the main problems associated with One of the main problems associated with using routinely collected data, no matter using routinely collected data, no matter how reliable and complete, is misclassificahow reliable and complete, is misclassification of data. Also, it must be emphasised tion of data. Also, it must be emphasised that it is impossible to rule out entirely that it is impossible to rule out entirely the effect of random fluctuations in birth the effect of random fluctuations in birth rates of people who die by suicide, or other rates of people who die by suicide, or other influences that might explain the findings. influences that might explain the findings. Male  919  919  857  857  1041  1041  930  930  1044  1044  890  890  963  963  953  953  842  842  858  858  859  859  890  890   Female  Female  213  213  178  178  173  173  190  190  198  198  202  202  198  198  177  177  171  171  166  166  159  159  179  179 Deaths by on-violent methods, Deaths by on-violent methods, n n Male  Male  855  855  782  782  898  898  847  847  925  925  849  849  909  909  880  880  782  782  803  803  709  709  800  800   Female  Female  314  314  257  257  281  281  303  303  337  337  313  313  292  292  312  312  305  305  308  308  283  283  292  292 Fig. 3 Fig. 3 Mean detrended seasonal components for suicide and non-suicide cases (a) and for suicide cases with Mean detrended seasonal components for suicide and non-suicide cases (a) and for suicide cases with confidence intervals of prediction (b). confidence intervals of prediction (b). 
Interpretation of the findings Interpretation of the findings
The effect of season of birth on suicide can The effect of season of birth on suicide can be interpreted, on lines similar to those be interpreted, on lines similar to those used by Bradbury & Miller (1985) , as a used by Bradbury & Miller (1985) , as a tendency for individuals who later die by tendency for individuals who later die by suicide to be born during certain months suicide to be born during certain months or seasons of the year, in numbers disproor seasons of the year, in numbers disproportionate to those from the population portionate to those from the population at large. Given the multifaceted aetiology at large. Given the multifaceted aetiology of suicide it is important to study the of suicide it is important to study the phenomenon of seasonality of birth in those phenomenon of seasonality of birth in those who die in this way as this may help to give who die in this way as this may help to give directions to future research. The large size directions to future research. The large size of the database used in this study, which of the database used in this study, which greatly exceeds that of all previous studies greatly exceeds that of all previous studies of this subject, enhances its power and its of this subject, enhances its power and its inferential value. The database allows us inferential value. The database allows us to establish the presence of significant seato establish the presence of significant seasonal patterns, adjusting in comparison sonal patterns, adjusting in comparison with a large control population. The interwith a large control population. The interaction terms of our models correspond to action terms of our models correspond to joint variation of two or more variables joint variation of two or more variables and allow us to establish the differences of and allow us to establish the differences of seasonal patterns of month of birth beseasonal patterns of month of birth between suicide cases and the control poputween suicide cases and the control population, adjusting for year of birth; suicide lation, adjusting for year of birth; suicide cases and the control population by gender, cases and the control population by gender, adjusting for year of birth; and suicide adjusting for year of birth; and suicide method and gender in suicide cases. method and gender in suicide cases.
Our results support the hypotheses that Our results support the hypotheses that there is a seasonal effect in the monthly birth there is a seasonal effect in the monthly birth rates of people who kill themselves and that rates of people who kill themselves and that there is a disproportionate excess of such there is a disproportionate excess of such people born between late spring and people born between late spring and midsummer compared with the other midsummer compared with the other months. This applied to suicide as a whole months. This applied to suicide as a whole and regardless of the methods used, contrary and regardless of the methods used, contrary to the findings of previous studies (Chotai & to the findings of previous studies (Chotai & Asberg, 1999; Salib, 2002) . Our findings are Asberg, 1999; Salib, 2002) . Our findings are consistent with the reported higher birth consistent with the reported higher birth rates in spring and early summer of people rates in spring and early summer of people with affective disorders and alcoholism with affective disorders and alcoholism (Castrogiovanni (Castrogiovanni et al et al, 1998) , whose deaths , 1998), whose deaths by suicide represent about 10% of total by suicide represent about 10% of total expected annual suicides in England and expected annual suicides in England and Wales, according to the National ConfidenWales, according to the National Confidential Inquiry into Suicide and Homicide by tial Inquiry into Suicide and Homicide by People with Mental Illness (Department of People with Mental Illness (Department of Health, 1999) . However, the study findings, Health, 1999) . However, the study findings, and without taking into account other risk and without taking into account other risk factors, do not appear in keeping with the factors, do not appear in keeping with the fact that people with schizophrenia, who fact that people with schizophrenia, who represent about 5% of total annual suicides represent about 5% of total annual suicides in Britain (Department of Health, 1999 ), in Britain (Department of Health, 1999 , have a well-recognised winter birth associahave a well-recognised winter birth association (Bradbury & Miller, 1985; Castrotion (Bradbury & Miller, 1985; Castrogiovanni giovanni et al et al, 1998; Mortensen , 1998; Mortensen et al et al, , 1999) . It may be plausible to assume that 1999). It may be plausible to assume that the small increase in birth rates of some the small increase in birth rates of some suicide cases noted in December and January suicide cases noted in December and January (see Fig. 3 ), particularly in female cases (see (see Fig. 3 ), particularly in female cases (see Fig. 4 ), might be related to the suicide of Fig. 4) , might be related to the suicide of people with schizophrenia born in winter. people with schizophrenia born in winter. Perhaps this could be explored in future Perhaps this could be explored in future research of this area. research of this area.
Biological assumption of suicidal Biological assumption of suicidal behaviour behaviour Lester (1995) and Asberg (1997) reported Lester (1995) and Asberg (1997) reported low levels in cerebrospinal fluid and urine low levels in cerebrospinal fluid and urine of monoamine metabolites 5-hydroxyindoof monoamine metabolites 5-hydroxyindoleacetic acid (5-HIAA), homovanillic acid leacetic acid (5-HIAA), homovanillic acid (HVA) and methyl-hydroxyphenylglycol (HVA) and methyl-hydroxyphenylglycol (MHPG) in suicidal behaviour, impulsivity (MHPG) in suicidal behaviour, impulsivity and depression. Low levels of 5-HIAA in and depression. Low levels of 5-HIAA in cerebrospinal fluid have been reported in cerebrospinal fluid have been reported in people exhibiting violent suicidal behavpeople exhibiting violent suicidal behaviour, such as hanging, stabbing, using fireiour, such as hanging, stabbing, using firearms or jumping from heights, and arms or jumping from heights, and impulsivity (Asberg, 1997; Mann & Malimpulsivity (Asberg, 1997; Mann & Malone, 1997) , as well as in patients with an inone, 1997), as well as in patients with an increased risk of a future suicide or suicide creased risk of a future suicide or suicide attempt (Nordstrom attempt (Nordstrom et al et al, 1994) . Low , 1994) . Low levels of 5-HIAA have also been found in levels of 5-HIAA have also been found in the cerebrospinal fluid of depressed patients the cerebrospinal fluid of depressed patients with high-lethality or well-planned suicide with high-lethality or well-planned suicide attempts, compared with other suicide atattempts, compared with other suicide attempts (Nordstrom tempts (Nordstrom et al et al, 1994) . Chotai & , 1994) . Chotai & Asberg (1999) reported some significant Asberg (1999) reported some significant season-of-birth variations in 5-HIAA and season-of-birth variations in 5-HIAA and HVA levels in the cerebrospinal fluid of a HVA levels in the cerebrospinal fluid of a sample of drug-free patients, adjusted for sample of drug-free patients, adjusted for gender, age, height and diagnostic category. gender, age, height and diagnostic category. Persons born during the winter and spring Persons born during the winter and spring months, February to April, had significmonths, February to April, had significantly lower values of 5-HIAA. The values antly lower values of 5-HIAA. The values of HVA as well as the ratios of HVA/ of HVA as well as the ratios of HVA/ 5HIAA and HVA/MHPG were significantly 5HIAA and HVA/MHPG were significantly higher for those born during the winter higher for those born during the winter months October to January compared with months October to January compared with others. However, winter variations in others. However, winter variations in serotonin reported by Chotai serotonin reported by Chotai et al et al (1999 Chotai et al et al ( ) (1999 are inconsistent with the findings of this are inconsistent with the findings of this study, essentially the opposite of the study, essentially the opposite of the Swedish findings. Swedish findings.
The biological assumption is possible The biological assumption is possible because factors that may influence the because factors that may influence the brain growth process after a few months brain growth process after a few months of gestation could affect the sensorimotor, of gestation could affect the sensorimotor, cognitive, affective and behavioural develcognitive, affective and behavioural development. It has been suggested that annual opment. It has been suggested that annual rhythm in peripheral and central serotonerrhythm in peripheral and central serotonergic turnover, as well as in gic turnover, as well as in L L-tryptophan and -tryptophan and cortisol, which are observed in normal and cortisol, which are observed in normal and depressed people, are related to annual depressed people, are related to annual rhythm in suicide (Maes rhythm in suicide (Maes et al et al, 1994; , 1994; Petridou Petridou et al et al, 2002) . Seasonal biological , 2002) . Seasonal biological rhythm, as in serotonergic activity, may be rhythm, as in serotonergic activity, may be synchronised by seasonal variations in synchronised by seasonal variations in weather conditions (Maes weather conditions (Maes et al et al, 1994; Salib , 1994; Salib & Gray, 1997) . A positive relationship & Gray, 1997). A positive relationship between relative risk of suicide during between relative risk of suicide during the peak month of suicide incidence and the peak month of suicide incidence and the same-month average sunshine durathe same-month average sunshine duration has been reported by Petridou tion has been reported by Petridou et al et al (2002) . Melatonin, the secretion of which (2002) . Melatonin, the secretion of which is suppressed by sunshine, does not is suppressed by sunshine, does not appear to have been investigated as a appear to have been investigated as a possible possible contributory factor in relation to contributory factor in relation to suicide. suicide. Predicted detrended values by method in (a) men and (b) women.
Seasonality of suicide, whether in relaSeasonality of suicide, whether in relation to the birth or the death of those who tion to the birth or the death of those who kill themselves and the apparent kill themselves and the apparent correlation with some weather parameters correlation with some weather parameters (Maes (Maes et al et al, 1994; Salib & Gray, 1997; , 1994; Salib & Gray, 1997; Salib, 2002) , is a striking epidemiological Salib, 2002) , is a striking epidemiological characteristic of this phenomenon, which characteristic of this phenomenon, which ought to be explored further as it ought to be explored further as it could have some preventive implicacould have some preventive implications. The high degree of sensitivity of tions. The high degree of sensitivity of the central nervous system to environthe central nervous system to environmental exposures mental exposures in utero in utero and during and during infancy (Brenner infancy (Brenner et al et al, 2004) On the basis of the foetal origins hyOn the basis of the foetal origins hypothesis, it may be plausible to suggest that pothesis, it may be plausible to suggest that the 'month of birth' factor in suicide may the 'month of birth' factor in suicide may reflect the timing of an errant early neural reflect the timing of an errant early neural migration or differentiation process due to migration or differentiation process due to one or more of these exposures, resulting one or more of these exposures, resulting in subtle histochemical abnormalities in subtle histochemical abnormalities underlying the individual's constitutional underlying the individual's constitutional vulnerability and affective predisposition. vulnerability and affective predisposition. This could act as a latent risk factor that This could act as a latent risk factor that might enhance other suicide risk factors in might enhance other suicide risk factors in some predisposed individuals. This assumpsome predisposed individuals. This assumption gives some hope that developmental tion gives some hope that developmental approaches might improve our underapproaches might improve our understanding of the psychopathology of depresstanding of the psychopathology of depression and suicidal behaviour and could offer sion and suicidal behaviour and could offer new strategies for treatment and new strategies for treatment and prevention. prevention.
Kettl, P. A., Collins,T., Sredy, M., Kettl, P. A., Collins,T., Sredy, M., et al et al (1997) (1997) Seasonal Seasonal differences in suicide in birth rate in Alaska Natives differences in suicide in birth rate in Alaska Natives There is a 17% increased risk of suicide for people born in the spring and early summer compared with those born in autumn: this risk increase is larger in women summer compared with those born in autumn: this risk increase is larger in women (29.6%) than in men (13.7%). (29.6%) than in men (13.7%).
& & The size of the database used in this study provides a powerful opportunity to
The size of the database used in this study provides a powerful opportunity to assess the birth^death association in suicide, with nearly 27 000 suicides^far more assess the birth^death association in suicide, with nearly 27 000 suicides^far more than in all previous studies. than in all previous studies. 
